Abstract This paper presents cross-country comparisons between Canada and the United States in terms of the impact of public grants and scientific collaborations on subsequent nanotechnology-related publications. In this study we present the varying involvement of academic researchers and government funding to capture the influence of funded research in order to help government agencies evaluate their efficiency in financing nanotechnology research. We analyze the measures of quantity and quality of research output using timerelated econometric models and compare the results between nanotechnology scientists in Canada and the United States. The results reveal that both research grants and the position of researchers in co-publication networks have a positive influence on scientific output. Our findings demonstrate that research funding yields a significantly positive linear impact in Canada and a positive non-linear impact in the United States on the number of papers and in terms of the number of citations we observe a positive impact only in the US. Our research shows that the position of scientists in past scientific networks plays an important role in the quantity and quality of papers published by nanotechnology scientists.
Introduction
Nanotechnology is an emerging technology that is considered one of the primary forces to drive future economic development. For this reason, worldwide investment in this emerging technology has increased substantially in the past two decades and governments have considerably subsidized nanotechnology-related R&D in recent years. Fitzgibbons and McNiven (2006) indicate that in Canada the main funding source for nanotechnology R&D is the Canadian government which provides the funding through different organizations: the Natural Sciences and Engineering Research Council (NSERC), Canadian Institutes for Health Research (CIHR), National Research Council (NRC), Canada Foundation for Innovation (CFI), etc. In addition to the federal funding, various activities are concentrated in specific provinces in Canada to develop nanotechnology. The British Columbia Nanotechnology Alliance, Nanotechnology Network of Ontario, NanoQuebec and NanoAlberta are the main provincial frameworks that help develop nanotechnology along with the federal programs (Dufour 2005; Allan et al. 2008; Pelley and Saner 2009) .
According to Roco (2005) , the United States invested approximately $1 billion US in government funding dedicated to nanotechnology R&D in 2005, 65 % of which was specifically allocated to academic R&D and education. The US government nanotechnology funding has been raised mainly by the National Nanotechnology Initiative (NNI), which was launched in 2000 and consists of numerous federal agencies. Fifteen NNI agencies are responsible for the funding of nanotechnology research and development. The NNI has invested $18 billion in total since 2001, and $1.8 billion has been provided for 2013 alone. The National Institutes of Health (NIH) and the National Science Foundation (NSF) are two agencies that occupy the second largest investment rank in 2011 between the agency members of the NNI after the Department of Energy (DOE) (NNI 2013; Jacob and Lefgren 2011; Sargent 2010) .
Given the magnitude of government investment in nanotechnology research in recent years, it is of great importance to measure the efficiency and productivity of research financing. The efficient allocation of government resources requires a better understanding of how funding influences scientists' productivity and their scientific output. Such financing evaluations can help governments develop policies that will foster the development of this emerging technology.
Nanotechnology is an emerging technology that will have enormous impact on future products and processes. This technology has potential to affect economic development and gives new tools for governments to take advantage of the recent leaps in technology and science. Growing understanding of the role of public funding research in nanotechnology development will help governments to launch strategies that meet their high expectations associated with this new concept. Considering the potential new world market of nanotechnology related products, countries develop research in the field of nanotechnology to ensure that they are going to take advantage of the opportunities that are available in this area. In this study, we therefore focus on government grants rather than other funding sources. This leads to a strong necessity to study the impact of public funding, with a special focus on the public funding sources in the field of nanotechnology. We hence compare the impact of investments in Canada with that of the US, which is a leader in setting up numerous targeted nanotechnology programs and research grants in the hope of fostering future economic development. It is of great importance to discover whether the research funding strategies have been productive in this field.
To explore the impact of public funding on scientific papers, to reflect how nanotechnology research grants influence researchers' productivity, we utilize econometric models to measure this impact on the quantity and quality of nanotechnology-related papers. The evidence of past studies (Huang et al. 2005; Payne and Siow 2003) reveals the positive impact of government funding on research output. Because scientists increasingly work in larger teams, in addition to research financing, we wish to discuss the role that scientific networks play in the scientific production. This paper thus explores the effects that collaboration networks have on research productivity by measuring the position of these researchers within scientific co-publication networks. According to the work by Ni et al. (2011) and Breschi et al. (2006) , researchers who have more connections with other scientists in networks publish more papers and tend to collaborate more with other researchers, enhancing research output.
There are some important differences between the US and the Canadian science, technology and innovation system. Although Canadian universities play key roles in basic research and produce a reasonable number of research papers, their contribution to domestic industrial research is less than that of US institutions. The majority of university research funding is provided through government grants and industry accounts for a small part in Canada whereas private funding is considerable in the US (Niosi 2000) .
Our main contribution consists in further understanding how government research funding and scientific networks influence research publications in the field of nanotechnology. The remainder of the paper is organized as follows. In Sect. 2, the theoretical background focuses on university research funding and social network analysis, from which hypotheses are drawn concerning public grants and collaborations. In Sect. 3, we discuss variables, econometric models and the methodology employed. Section 4 discusses regression results and graphs, and finally Sect. 5 concludes.
Conceptual framework
Nanotechnology is a relatively young discipline characterized by different subfields. It generated almost a quarter trillion dollars worth of products worldwide in 2009 and $91 billion of these products found their market in the US. This emerging technology draws substantial amounts of public and private investment and its relative success encourages governments to increase their funding in nanotechnology research (Canton 1999; Freeman and Shukla 2008; Roco and Bainbridge 2005; Roco 2011) .
US financial investment in nanotechnology research has been substantial in the last decade. The US government plays a central role in nanotechnology research programs and is among the 10 leading countries in nanotechnology. The US ranked first in terms of nanotechnology public funding in 2006 Sargent 2008) . Youtie et al. (2008) reviewed the rapid growth of nanotechnology publications in different countries between 1990 and 2006 and showed that the US has been one of the leading countries in nanotechnology research and that it has ranked first in terms of the quality of publications. Furthermore, the major US federal support of nanotechnology academic research is provided by the interagency program of the NNI which is mostly motivated by an interest in economic outcomes (Mowery 2011) . The public funding of nanotechnology academic research fosters the emergence of collaboration among universities, industry and government and highlights a Triple-Helix of relationships between these organizations (Etzkowitz 2008; Leydesdorff and Meyer 2006; Schultz 2011) . Niosi (2000) shows that universities in the US are frequently encouraged to collaborate more with industries and this collaboration streams industry funding toward university research.
In Canada, the majority of university research funding is provided through public funding, while private firms account for only a small part of research funding (Fitzgibbons and McNiven 2006; Mcfetridge 1993; Niosi 2000) . The Natural Sciences and Engineering Research Council (NSERC) focuses on university and industry collaborations through Industrial Chairs and Collaborative R&D programs. The Canadian Institutes for Health Research (CIHR), the Canada Foundation for Innovation (CFI) and National Research Council (NRC) are other federal agencies that provide funding for R&D (Gordon 2002) .
Addressing how universities play a significant role in knowledge-based nanotechnology research, Hullmann (2006) and Mcfetridge (1993) indeed suggest that the number of academic publications is an appropriate indicator to understand the growth of this new technology. Furthermore, the number of citations papers receive is a quality index that can properly measure the impact of researchers.
Many scholars (Hudson 2007; Lawani 1986; Moed 2005; Schoonbaert and Roelants 1996) study the number of citations to measure the quality of papers and argue that highquality papers receive significantly more citations. Despite some problems that arise in using the number of citations as a quality index for papers, it is widely used and still considered to be an appropriate indicator. For example critics such as Adler et al. (2009) highlight that citation analysis does provide worthwhile information and should be part of the evaluation process.
Following the massive investment in nanotechnology, the interest in the influence funded research has on scientific output has also increased in recent years. Huang et al. (2005) highlight that it is imperative to understand the impact of public funding on nanotechnology research output and nanotechnology development. Some scholars examine the impact of funding on scientific output and their results indicate that government R&D funding in universities increases the number of publications (Adams and Griliches 1998; Blume-Kohout et al. 2009; Fitzgibbons and McNiven 2006; Mcfetridge 1993) . Payne and Siow (2003) demonstrate that a one million dollar increase in government funding in a research university yields ten additional papers. In another study in the US, Jacob and Lefgren (2007) investigate the influence of the National Institutes of Health (NIH) grants on researchers and research productivity. According to their study, NIH postdoctoral fellowships increase the rate of publications by nearly twenty percent in the following 5 years as well as the citations received by these papers. Obtaining research funding affects the productivity of researchers in other ways, for instance, Adams et al. (2005) recognized that according to a study in the top 110 US universities, public funding significantly affects the size of scientific teams. Scientists with prestigious awards and a large stock of federal funding are encouraged to collaborate in larger teams. This collaboration increases research quality and consequently these scientists are more cited (Sauer 1988; Adams et al. 2005) . raised the point of a positive influence on publication quality and mentioned that it acts as a signal for the government to allocate additional funding to higher-quality researchers.
Although the number of citations can be used as a proxy to measure the scientific quality of papers, we must recognize and address the disparity in citation rates of papers published in English compared to those in French, a concern evident for Canada. Poomkottayil et al. (2011) found that English papers are seven times more cited based on the Google Scholar database compared to non-English papers (German or French papers in their study). The theoretical study of Van Leeuwen et al. (2001) showed that the impact factors of non-English language journals are considerably lower than English-language journals. Due to increased interest in the bibliometric evaluation of papers in recent years, it is important to recognize that the language of publication affects such analyses.
Empirical evidence of Matthew effect can be shown at various aggregation levels: countries, research institutions and individual researchers. The Matthew effect holds that the most influential scientists gain more influence (Merton 1968; Larivière and Gingras 2010) . Some studies used the number of citations as Matthew indicator and showed that specific papers, researchers or even universities are more frequently cited compared to others (Bonitz et al. 1997; Katz 1999; Tol 2009 ). According to Laudel (2006) , scientists that have already received funding are more likely to receive more funding, which is evidence of Matthew effect in research funding. This effect can occur at the individual or department level, hence indicating that those that obtain the most funds become even more successful in subsequent grant applications.
Since the US is a leading country in nanotechnology research and research funding, in light of the impact of government research financing on nanotechnology-related scientific output and the difference between the influence of research funding in Canada and the US, we aim to probe the following hypotheses in this paper separately for Canada and the US.
Hypothesis 1 Increased public funding to nanotechnology scientists contributes to (a) more nanotechnology-related publications and (b) higher-quality nanotechnologyrelated publications.
Scientists generally work in research communities and tend to publish the results in research groups. Glänzel and Schubert (2005) highlighted co-publication networks as a tangible measure of scientific collaborations. Since the collaboration of researchers is seen to be of great importance in fostering output productivity research, funding is commonly allocated to research teams, particularly when the amount of financing is rather large. Theoretical studies show a positive correlation between the collaboration of researchers and their respective scientific output. For example Newman (2001) and Balconi et al. (2004) constructed a scientist network using co-authorship information to study the interconnected nature of scientists in these networks. Ni et al. (2011) and Breschi et al. (2006) stated that scientists with central positions in the network produce more papers compared to other scientists that are less central. Velema (2012) argues that collaborative ties in co-authorship networks lead to receiving more citations. The diffusion of knowledge is thus more efficient among researchers who actively collaborate and the numerous collaborations help researchers to increase their productivity. The question we address in this paper is how evolving scientific networks influence the emergence of new publications and enhance the quality of these publications in Canada, as well as the difference in this impact between Canada and the US. In order to measure whether collaborations in Canada have a similar impact as in the US on nanotechnology scientific output, we therefore consider the following hypotheses separately for Canada and the US:
Hypothesis 2 A better network position 1 of nanotechnology scientists within co-publication networks has a positive effect on (a) the number of publications and on (b) the quality of publications.
In Canada the proportion of government-funded R&D is high compared to industrial R&D (Niosi 2000) . We therefore propose in our third Hypothesis to test whether this government funding leads to scientific production of higher quality and quantity in Canada in comparison to the impact of public funding in the US:
Hypothesis 3 Increased public funding to nanotechnology scientists in Canada contributes to (a) more nanotechnology-related publications and (b) higher-quality nanotechnology-related publications in Canada compared to increased public funding to nanotechnology scientists in the US.
Data and methodology

Data and variables
The rapid growth of nanotechnology implies that governments have to develop a complete database of all desired information about nanotechnology development and commercial utilization (Holtz 2007) . This study requires the evaluation of scientific output during the periods in which public grants were received by researchers. Our data was extracted from different databases of articles and patents to which at least one Canadian-affiliated and one American-affiliated scientist contributed: We extracted publication and authorship data from Elsevier's Scopus using specific keyword searches, described below, for nanotechnology-related publications, while the United States Patent and Trademark Office (US-PTO) provided the related patenting information for these researchers.
We chose Elsevier's Scopus since it provides accurate and more comprehensive information regarding author affiliations, which greatly facilitates the disambiguation of author's names, especially for data dating as far back as 1985. Scopus directly links authors and their affiliations while this feature is relatively recent in other databases. We examined other databases (JCR, Science Direct, Web of Science, Microsoft Academic Search, Scirus, Google Scholar, etc.) and realized that Scopus covers a wide diversity of fields and additional information, which was deemed more appropriate to our needs regarding an emerging multidisciplinary field that may not at first get published in the ''best'' journals that are currently listed in the Web of Science for instance.
The Canadian Federal granting agencies database provided information on government research financing from the National Sciences and Engineering Research Council of Canada (NSERC) and the Canadian Institutes of Health Research (CIHR). For US researchers we used Nanobank which is a dataset of scientific journal articles, patents and government grants (NIH and NSF grants) in nanotechnology (Nanobank 2013; NSF 2013; Zucker et al. 2011) .
For the purpose of this research and in order to have precise data on nanotechnologyrelated publications in the US, we combined the keywords from various keyword search strategies of several scholars (Alencar et al. 2007; Fitzgibbons and McNiven 2006; Mogoutov and Kahane 2007; Noyons et al. 2003; Porter et al. 2008; Zucker and Darby 2005; Zitt and Bassecoulard 2006) while removing the redundant keywords after consulting with nanotechnology experts. We believe that the final set of keywords is quite comprehensive and is able to effectively identify articles directly related to nanotechnology.
In order to complement and clean the large data, we extracted data using a combination of Scopus and Google Scholar since the latter enabled us to search the full text of publications for nanotechnology-related keywords. We used the ''Publish or Perish'' software to filter the results in Google Scholar and then matched each identified article with the data from Scopus. This methodology allowed us to combine an in-depth full-text search of Google Scholar with well-structured data from Scopus.
We then merged our data from different sources using a unique ID for each individual scientist. A considerable amount of work was required to perform the disambiguation of scientists' names in merging different publishing, patenting and funding databases. We performed a check of individuals' name to avoid ambiguity and bias in our data. We then created a panel dataset in which we compiled yearly information for each individual scientist over the period . Selecting for the regressions the years 1996 onwards yields 33,655 individual US scientists and 3,684 Canadian scientists in our final panel data.
2
In relation to our hypotheses, let us first define the variables measuring the quantity and quality of papers (H1a and H1b). The variable nbPaper counts the number of papers that are published every year by an individual scientist. It is used to measure the impact of government funding on the quantity of scientific output. We used three spans of citation counts, nbCitation, that the articles of a scientist received within three, 5 and 7 years after the publication year to measure paper quality. We found more consistent results using 5-year citations (nbCitation5) for our time period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) .
This study addresses the impact that funding granted for nanotechnology academic research has on scientific output. We thus calculate the average amount of public funding received over 3 years (GovGrant3) lagged by 1-year to account for the time lapse between receiving government grants and generating scientific output. We also add the square of GovGrant3, to investigate the non-linear effect of public funding. This will allow the validation of hypothesis 1.
To examine our second hypothesis we explore how a researcher's position in his/her coauthorship network influences his/her scientific output by computing two measures related to their network position: betweenness centrality (BetweenCent) and cliquishness or clustering coefficient (Cliquishness). Betweenness centrality is generally employed to evaluate the importance of a researcher as an intermediary in a network and refers to the proportion of all geodesic distances 3 between two scientists that include the specific scientist. This measure indicates which researcher potentially controls the flow of knowledge between pairs of scientists (Benedictis and Tajoli 2008; Izquierdo and Hanneman 2006) . Cliquishness is computed using the egocentric density 4 that refers to the likelihood that two scientists who are both connected to a specific third scientist are also connected to each other (Barabasi et al. 2002; Singh 2007 ). These two variables will allow the validation of hypothesis 2 (H2a and H2b).
The evolution of collaborations between scientists over years was analyzed using 3-year co-publication sub-networks. An important consideration relates to the time period of collaboration networks. Fleming et al. (2007) used 3-year windows to analyze the effect of past network structure on collaborative creativity. Nerkar and Paruchuri (2005) also opt for 3-year windows to study the R&D activities in inventor networks. We therefore created 3-year co-authorship sub-networks 5 for all the 3-year moving intervals using the social network analysis software Pajek, which is considered to be very suitable for the analysis of large networks (Batagelj and Mrvar 1998) .
In addition to the variables of interest, another issue that we take into account is nonpublication innovative output of researchers that may restrict their scientific output. Debates have arisen around the question of whether the involvement of academics in patenting can produce negative impacts on their publication record. Despite the concerns about the substitution effects of university patents on publications, Geuna and Nesta (2006) argue that university papers and patents are not really substitutes, and a growing literature (e.g. Azoulay et al. 2006; Louis et al. 1989; Carayol and Matt 2004 ) is in fact proposing that patents and publications are complements. Moreover, Van Looy et al. (2004 show that university researchers who are involved in patenting activities publish more articles in applied fields and Azoulay et al. (2009 ), Czarnitzki et al. (2007 and Wong and Singh (2010) reveal that the patenting activity of academic researchers positively influences publication output in universities. In this regard, we study the influence of academic researchers' nanotechnology-related patents from the past 3 years to examine whether there is a correlation between these patents and their future publications (nbPast3Pat). We also add the square of nbPast3Pat to investigate the non-linear effect of researchers' past patents on scientific output.
Governments implement various mechanisms to allocate funding to universities based on research performance (Geuna and Martin 2003; Liefner 2003) . A notable concern in our study is that researchers with a higher performance receive more funding from governments: this causes potential endogeneity due to simultaneity and omitted variable bias. To deal with this potential endogeneity, we employ instrumental variables techniques in our econometrics models to correct for endogeneity and add a number of control variables in addition to the variables of interest.
We first identify the career age (CareerAge) of nanotechnology scientists as the time elapsed since their first publication in nanotechnology. This variable shows how long a scientist has been active in this field and is a proxy for experience of a scientist in this field over time. Some scholars such as Cole (1979) , Costas et al. (2010) and Stephan and Levin (1993) highlight the influence of career age on the performance of scientists to account for the fact that older scientists are more productive and more likely to receive grants. To consider the fact that the past articles are used to evaluate the proposals that lead to the granting of public funding, we use the average number of papers published by researchers in the past 3 years with a 1-year lag (nbAvgPapers3).
Model specification
There are various models for count data that have been used in economics and industrial organizations. The Poisson model is the most frequently employed method in such modeling (Hausman et al. 1984; King 1989; Riphahn et al. 2003) . Because of the restriction on the distribution in the Poisson model regarding over-dispersion, some researchers find that the Negative Binomial Model (NB) is more appropriate (Greene 2008; Hilbe 2011) . Many scholars have employed one of these two methods to analyze count data (Wang et al. 1998; Fleming and Sorenson 2001; Maurseth and Verspagen 2002; Mowery et al. 2002; Payne and Siow 2003; Tsionas 2010; Petruzzelli 2011) . In the Poisson model, it is assumed that the conditional variance equals the mean. The dependent variable y it in Eq. (1) follows a Poisson distribution where the mean is function of the coefficients b and of the covariates x it as shown in Eq. (2), (i indexes individual researchers and tindexes years).
The Poisson model imposes equi-dispersion as shown by Eq. (3):
If the variance of y it is larger than the mean Eðy it jx it Þ ¼ Var½y it jx it ð Þ , we have overdispersion in the data, which implies that the Negative Binomial Regression is a proper alternative for this method. Exp(e it ) is assumed to follow a gamma distribution where the variance equals a and the mean equals 1 (Hausman et al. 1984; King 1989; Greene 2008) , which yields Eqs. (4) and (5).
We thus use both the Poisson and Negative Binomial models in our regressions to find the most consistent and significant results in measuring the impact of government grants and of network position on the quantity of scientific publications (represented by nbPaper it of academic researcher i in year t) and on the publication quality (represented by nbCitation5 it ). In case of having excessive zeros in our count data, we consider zero-inflated Poisson versus Poisson and zero-inflated negative binomial versus negative binomial model and use the test suggested by Vuong (1989) . Zero-inflated models allow for complication of analyzing datasets with an excessive number of outcome zeros (Greene 1994; Long 1997; Vuong 1989) . For the given data, the Vuong test proved that zero-inflated models are superior to standard Poisson and negative binomial models.
We express the model to be estimated in Eq. (6), which shows our two dependent variables explained by the same function. We examined a variety of lag structures during the course of our study and presented the models which yield the most consistent results. Logically, however, one would think that the team is formed first, then they apply for funding and do the work to finally publish. Learning from collaborators and integrating into knowledge networks needs time to lead to further jointly developed publications. So we would expect that the network variables to be lagged by at least 2 years and the funding variables to be lagged by at least 1 year.
We also test the moderating effect between our variables by introducing interactive variables. This helps us to examine whether betweenness centrality has an intrinsic relation with patenting and cliquishness, and it also moderates the influence of these two measures on the dependent variables. To account for the fact that funding may affect both scientific output and the number of patents to which a researcher may have contributed, we treat the amount of grants received as endogenous. Given the potential endogeneity, we test three instruments for this variable to correct this problem. One of the alternatives that is suggested in econometric studies to estimate the parameters in this model on a set of instrumental variables is the Two Stage Least Squares (2SLS) method (Bíró 2009; Terza et al. 2008; Stephan et al. 2007) .
We thus express the first and second stage of our estimations in Eq. (7) to account for the endogeneity bias on the average amount of grants received over 3 years by scientists in nanotechnology. The first stage regression estimates the endogenous variable on a set of instruments and the predicted value is then computed and added to the second stage regressions. The resulting first stage and second stage regressions are given by:
Regression results
Our study evaluates the impact of research funding and collaborations on scientific productions by measuring the quantity and quality of publications. The results showed in this section present the most reliable results. As mentioned previously we examined a variety of lag structures (1, 2 and 3 years) to investigate the most appropriate time period for each variable. As expected, the most significant results were obtained with a 1-year lag for government grants and a 2-year lag for the network. Two groups of results are presented in which the first group does not account for potential endogeneity of public funding and the second group represents the results of the second stage for 2SLS regressions.
We find that the zero-inflated Poisson model (clustering method) yields significant and consistent results and hence present only this model in the paper 6 as justified by Hall and Ziedonis (2001) . We start from a simple model and hierarchically add the quadratic term of variables to the model. The second stage of four models, shown in Tables 1, 2  for the number of papers and Tables 3, 4 for the number of citations, enable us to study the factors that influence scientific production in Canada and the US (for the first stage of regressions see Appendix 1, and Poisson and xtpoisson regressions are presented in Appendix 4).
Before turning to the second stage regressions, let us briefly address the first stage results. Among the instruments used to correct for endogeneity in the first stage of our model, CareerAge is strongly significant to explain the endogenous variable GovGrant3 in Table 1 Impact of public funding on nanotech papers in Canada-Second stage of regression results of zero-inflated Poisson (standard errors in parentheses and *** p found that the past performance indirectly affects the probability of receiving grants in future. This may be due to the fact that nanotechnology is a young discipline in Canada and that researchers only recently started publishing in this field. In contrast this variable is strongly significant in the US. The effect of nanotechnology being a young discipline also becomes apparent when we examine the non-linear impact of CareerAge. We observe a negative coefficient for the square of age on the scientific production. This result is consistent with the findings of Costas et al. (2010) who highlight the fact that as scientists grow older, they are likely to be more reluctant to be involved in new fields. However, we need to be careful in proposing this interpretation, as there have been many mixed findings on this issue. Rappa and Debackere (1993) highlight that the relationship between age and the ability in science is influenced by numerous factors such as substantive and methodological perceptions, specialized interests and affiliations with certain schools of thoughts, and not only the age of scientists. Accordingly, Wray (2003; 2004) examined the contribution of young scientists in new scientific specialties and found that it is middle-aged scientists that are responsible for significant discoveries. There is an extended and inconclusive literature on age in science, which we will not review here.
In the second stage regressions, we find that the number of publications rises as public funding increases. Our findings in Canada and the US show an increasing linear trend for the amount of publications. The results show that more simple models may be better able to represent the influence of government funding in Canada as we captured endogeneity in the first two models, but the additional parameters may not be useful. In the US when we increase the complexity of model by adding the quadratic term of government funding in model (4), we observe a right-hand of a U-shaped curve which also shows the increasing trend of the number of articles (Fig. 1a) .
In regard to the influence of public funding on the number of citations (nbCitation5), the average amount of government funding seems to have no impact for Canada to enhance the quality of publications, but exhibiting a J-shaped relationship beyond a point for the US. This observation highlights that beyond the minimum value of the J-shaped curve, the number of citations increases (Fig. 1b) . 7 These results generally are in accordance with the findings of Blume-Kohout et al. (2009), Fox and Milbourne (1999) and Payne and Siow (2003) , who imply that there is a positive correlation between funding and academic outputs. Accordingly, the positive effect of funding suggests that a Matthew effect (Merton 1968 ) that is at play here, hence suggesting that greater productivity and greater influence imply greater funding and thus that greater funding implies greater productivity and greater influence.
The relationship between funding and scientific output always matters to answer policy questions and funding allocation decisions. Although prior studies in various fields or specific universities have examined this relationship (see Jacob and Lefgren 2011; Lewison and Dawson 1998; Zucker et al. 2007) , our study presents a detailed comparison of nanotechnology between Canada and the US.
Regarding scientific collaborations, we find that betweenness centrality has a remarkably positive and significant effect on the number of papers in both Canada and the US. Turning to the influence of this central position of researchers on the number of citations received by papers, we find a positive impact on the number of citations in both the US and Canada. It shows that a higher intermediary position of researchers in co-publication networks increase the number of scientific papers and research quality in the field of nanotechnology.
Continuing on network measures, we find that past individual cliquishness of scientists contributes to a positive impact on the publications in Canada and the US. When we add the quadratic term of cliquishness, we lose the significant results for the models accounting for endogeneity (2SLS models) in Canada. But in the US plotting the resulting quadratic curves shows a positive effect on the number of publications up to the maximum value of an inverted U-shaped curve (see Fig 2. a in the Appendix 5). This suggests that the number of papers starts decreasing with higher cliquishness. Although researchers tend to collaborate with other scientists to generate more publications, a greater integration eventually hampers their activities beyond their collaborative circle in this multidisciplinary field: therefore, researchers should avoid acting solely in higher cliquishness groups and explore beyond their restricted networks.
Similarly, the impact of the past individual cliquishness follows an inverted U-shaped curve on the number of citations in Canada when we account for the nonlinear impact indicating that scientific production quality starts decreasing beyond the maximum value of the cliquishness, but in the US we only capture the linear impact on the number of citations (see Fig 2. b in the Appendix 5). A better network position generally enhances research productivity and research quality of scientists in both studied countries.
We also examined whether there is a relationship between invention disclosures of academic researchers and their scientific output. The results show that the average number of patents to which a researcher has contributed over the past 3 years has a positive influence on his/her scientific production in Canada. These industrial interests increase the number of publications and the results of our first econometric model (model 1) show a reinforcing effect on the research quality of academic scientists in Canada. This can also reflect a self-selection effect rather than superior performance (see Moed 2007; Wildhagen 2009; Wagner 2010) . The observed reinforcing effect may (a) (b) Fig. 1 The effect of average amount of government grants, ln(GovGrant3), on a the number of papers in the US, b the number of citations in the US therefore derive from the fact that academic scientists with higher prior performance regarding scientific production move to patenting activities. Similarly, Cummings and Kiesler (2008) show the self-selection bias in successful collaborations in which collaborators that have had experience of working closely in the past develop strong ties with those collaborators in the future again and this plausibly result in higher performance. In the US, no significant results are found for the correlation between the number of patents in the past 3 years and the quantity and quality of scientific production in the field of nanotechnology. However, our results in Canada are similar to those of Azoulay et al. (2009 ), Czarnitzki et al. (2007 and Van Looy et al. (2006) , who suggest a reinforcing effect of patenting on scientific outputs and highlight the fact that academic inventors create output of significantly higher quantity and quality. We posit that the same effect is at play in Canada in the field of nanotechnology and as a consequence, that the involvement in entrepreneurial activities within universities is not negatively associated with publication: on the contrary, these patenting activities may increase the quantity and quality of publications.
We defined a dummy variable taking the value 1 for Canadian scientists and the value of 0 for scientists that are affiliated to the US, to examine the difference between Canada and the US. We then re-estimated our regressions on the pooled sample. We run regressions for all four models but only present the first model in this paper. 8 The findings show that in the US, government funding has a stronger impact on both the quantity and the quality of scientific production compared to Canada. But regarding the network characteristics, the intermediary position of scientists measured by betweenness centrality comes to be more important in nanotechnology research outputs in Canada and cliquishness has higher impact on the quantity of research in the US. The results are shown in Table 5 .
Our results reveal that scientists who receive government funding contribute to a more prolific scientific production in both countries and of a higher quality in the US. Marginal effects are commonly used to examine how much a dependent variable is expected to increase or decrease by one unit change of other variables (Cameron and Trivedi 2009; Wooldridge 2002) . We calculated Marginal Effects at the Means (MEMs) 9 for the number of papers and the number of citations in both Canada and the US (presented in Table 6 ). The marginal effect of government grants on the number of papers in Canada and the US shows that additional funding leads to approximately 4 times more citations in the US than in Canada but only to a slight increase in impact on the number of papers in the US. We also find that for the marginal effect of the network characteristics, betweenness centrality corresponds to more papers and higher quality papers in Canada compared to the US while cliquishness has quite the same impact on the quantity of papers in both countries and higher impact on research quality in Canada. We can however conclude that while government funding is more important in the US, collaboration between researchers is more likely to enhance quantity and quality of research outputs in Canada. 8 The full results are available from the authors in an unpublished appendix. 
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Conclusions
As we mentioned in the introduction, in recent years, governments have launched researchfinancing programs increasingly targeted towards nanotechnology development within universities to incite the growth of this emerging technology. It is thus of great importance to further understand whether government funding can indeed enhance the success of this development and can be powerful to lead research in the academic realm. Debates have arisen on the question of whether public funding enhances the scientific outputs in emerging high technologies and to that effect we have examined publications of the very promising field of nanotechnology as a typical example of science-based technology. Nanotechnology is still in the early stages of its lifecycle and as such, the role of public funding is of paramount importance for its development. We take into account the nanotechnology-related scientific output in Canada and compare the efficiency and productivity of government funding in this high technology with the US as a leading country in nanotechnology research development. At the beginning of this article, we set out to examine three hypotheses, one related to the public funding of research and another one to the collaboration related to research. In the third hypothesis, we compare the funding effect in Canada and the US. Let us address each of these hypotheses in turn.
Regarding the influence of public funding on scientific production, the impact on the number of papers is overwhelmingly significant and positive in the United States, where both the number and the quality of publications increases as funding amount rises. However, for the publication quality, this positive relationship is only observed in the US. The results for Canada do not show that government funding has an impact on the publication quality. These results are supporting both Hypothesis 1a and Hypothesis 1b for the US and only Hypothesis 1a for Canada. Our results, hence, are in general accordance with the work of various scholars (Adams et al. 2005; Adams and Griliches 1998; Blume-Kohout et al. 2009; Jacob and Lefgren 2007; Payne and Siow 2003; Sauer 1988) , on the crucial importance of funding for the production of scientific output. Although, in general our results are in line with previous studies, to our knowledge, this is the first time that a study focuses on the impact of funding on nanotechnology in both Canada and the US and the comparison between these two countries in addition to considering the importance of scientific networks at the same time.
We include the industrial interests of academic researchers to further understand whether patents representing potential commercialization are associated with the production of academic publications. Our study on nanotechnology-related patents shows that patenting activities in universities are associated with more scientific papers only in Canada and not in the US and even in Canada this positive effect is more consistent in terms of the productivity of researchers rather than in terms of the quality of their publications. However, the relationship between these two types of research outputs could be described as complementary and reinforcing rather than substitutive. Although we expected to observe a shift in research output of academic inventors toward more applicable and commercial research, we found that researchers who contribute to more and higher quality patents in previous years are more likely to generate publications of higher quantity in Canada. Nanotechnology, however, is a young field and has considerable potential in a wide range of disciplines: It is an emerging technology which is close to its science base, but it is getting increasingly closer to technology applications in a variety of domains and subdomains. As such, we could find a direct connection of academic inventors with their publications, generally similar to the work of some scholars in other fields (Azoulay et al. 2009; Breschi et al. 2007; Czarnitzki et al. 2007; Wong and Sing 2010) , implying that academic scientists who produce patents also exhibit a higher research performance. We however support their findings in the field of emerging nanotechnology in Canada.
In the field of nanotechnology, we observe an increasing tendency of researchers to form research teams whose expertise span over a wide range of domains. Funding agencies thus commonly allocate financial resources to teams of scientists rather than individual researchers. In our second hypothesis we therefore focus on the way in which these collaborative teams are structured and shed some light on the impact of the network architecture on the scientific production of the teams. We examine the research performance of scientists using previous collaborations in the past 3 years to find the impact on scientists' subsequent productivity.
In this empirical study, we discover that the position of individual researchers in scientific networks does influence their knowledge production. We find a remarkably positive and significant impact of the intermediary position of scientists on their number of publications and article quality in both Canada and the US.
With respect to the past individual cliquishness of researchers in their co-authorship networks, we find that the cliquishness value yields a positive impact on scientific output in Canada. As such, we observe this positive impact only when we add a quadratic term of cliquishness to the model in which it shows a positive impact until a threshold is reached. Beyond this specific point further along the curve, a higher clustering coefficient decreases the efficiency of articles published implying that researchers working in more clustered collaborative environments become less productive and efficient. This may be explained by the possible inclination of authors in cliquish environments to cite scientists with whom they are linked in their network.
Regarding this collaboration measurement in the US, our results tend to support the notion that clustered environments enhance scientific productivity and confirm the efficiency of these collaborative networks in knowledge diffusion. We find that clustered networks increasingly augment scientific productivity and efficiency of a scientist. We thus accept Hypothesis 2a and Hypothesis 2b for which our results are generally in line with Balconi et al. (2004) , Breschi et al. (2006) , Newman (2001) , Ni et al. (2011 ), Persson et al. (2004 and Velema (2012) who highlight the positive influence of collaborations on research productivity.
In regards to the comparison of Canada and the US, when we compare the marginal effects in both countries and regression results of pooled sample, we find that government grants yield a greater effect on the nanotechnology publication in the US, while better network characteristics lead to more and higher quality publications in Canada compared to the US. Thus we reject both Hypothesis 3a and Hypothesis 3b in terms of the higher influence of government grants in Canada rather than in the US.
There are a number of limitations to this research. One concern is the mobility of researchers across the US and Canada: Since the main purpose of this research is the comparison of the research productivity for the researchers affiliated to Canadian and American institutions, the mobility of these researchers and the resulting changes in the institutional affiliations clearly affect the results of this study. This issue, however, could not be considered in this study. The other limitation lies in the accurate identification of nanotechnology papers. In spite of our attempt to extract and analyze papers most closely related to nanotechnology, we may lose some papers due to our narrow definition of what constitutes a nanotechnology article. The other limitation is merging different databases that may have caused some deterioration or loss of the data. Another issue that concerns this study is using different data sources for Canada and the US, which can cause inconsistency in our comparison of the two countries. Despite these caveats, we are confident that our results are a step in the right direction and identify avenues for future research on research funding and on the importance and influence of research networks. Model (1) Model (2) Model (3) Model (4) Model (1) Model (2) Model (3) Model ( Model (1) Model (2) Model (3) Model (4) Model (1) Model (2) Model (3) Model ( See Tables 12 and 13 . Scientometrics (2015) 102:753-787 781 
